Introduction
The results of outcome studies are subject to bias that can lead to significant underestimation of treatment findings, especially in the elderly. 1 -3 The origin of this bias lies in the age of the study members, the duration of the follow-up interval of the study and the presence of comorbidities. 4 These effects are all strongly related to ageing.
Most studies of treatment effects that involve activities of daily living (ADL) assess outcome using self-administered questionnaires to assess the reduction of pain and the improvement of ADL within a sample age. 5 Limitations due to physical disabilities are age dependent, however, as well as being related to the presence or absence of comorbidities. 6 -10 A certain amount of disability that may be normal in the elderly may be highly pathological in the young. A therapeutic measure that is highly effective in the young could, therefore, have little visible effect in the elderly, as treatment effects are masked by increasing age. The same is true for individuals with comorbidities. 9 This bias is aggravated in B Rieger, O Tamcan, D Dietrich et al.
Age-related reference values for ADL
studies with long-term follow-up periods, because ADL naturally become more limited with increasing age. 10, 11 Because of this effect, a person might document a higher disability over the course of follow-up, despite having benefited from treatment. This is especially true in elderly people, in whom the agerelated deterioration in ADL is expected to increase more rapidly within the same time period than it would in younger people. 12 Therefore, ADL reference values are needed for age and comorbidities. Agerelated normative values can be obtained from the Short Form (SF) 36 or SF 12 questionnaires, which are intended to assess general health. 13 -16 To our knowledge, no age-and comorbidity-related ADL reference values are currently described in the literature that quantify condition-specific ADL. The goal of this population-based, cross-sectional study was to define age-and comorbidity-related ADL reference values.
Patients and methods

STUDY POPULATION
A total of 32 440 telephone numbers were randomly selected from the telephone directory in the German-speaking part of Switzerland using a computer program created by one of the co-authors. Of these telephone numbers, 5295 were invalid, 2515 lacked a German-speaker, 141 had no respondents ≥ 18 years of age and in 726 cases the respondent had died. In multiplemember households, the last-birthday selection technique was used (in analogy to the next-birthday method 17 ) to identify one participant per household aged ≥ 18 years to be sent a covering letter with information about the study, a questionnaire and a prepaid return envelope. 18, 19 In cases where it was not possible to reach a respondent after 12 telephone calls, the household was sent the questionnaires and prepaid return envelopes along with extended cover letters which explained the study in greater detail. After 3 weeks, all nonresponders were sent a reminder letter; another reminder letter, together with a questionnaire and prepaid return envelope, was sent to households from which there was no response after 6 weeks. 20 Sampling ). Age-dependent percentiles were drawn for all groups and line smoothing was performed using the Jolicoeur-Pontier-Abidi-2 model. Fisher's combined probability test was used to undertake statistical comparisons. 23 All statistical analyses were performed using Stata ® software, version 9.1 (StataCorp LP, College Station, TX, USA). A P-value ≤ 0.05 was considered statistically significant.
Results
A total of 16 634 questionnaires were returned from the 23 763 households reached by telephone (n = 21 377) and contacted only by mail (n = 2386); this was a response rate of 70%. After eliminating questionnaires with no information on pain (n = 443), 16 191 questionnaires (68% of contacted households) were included in this study; 9256 (57%) participants were female and 6935 (43%) were male. The median ± SD age of all participants was 52.2 years (± 16.0 years); 23% were < 35 years old and 20% were > 64 years old. Distribution by age and gender of the sample was similar to that of the German-speaking population of Switzerland (Table 2) , although females were significantly over-represented in the study sample (P < 0.001). The education level of study participants also differed significantly from census data (P < 0.001). 
Age-related reference values for ADL
Age-related reference curves were drawn from the three SEQ-ADL sets covering the upper (Fig. 1 ) and lower extremities (Fig. 2) , and the overall questionnaire (all 12 items; Fig. 3 ). The SEQ-Pain results were plotted for individuals with and without pain.
Discussion
This study defined age-related normative values for ADL, focusing on the upper and lower extremities, making use of a large, population-based, cross-sectional sample of German-speaking Swiss individuals who were well age-matched to relevant census data. Age-related pain reference values were created, which will serve as reference values for pain as a comorbidity (that is, present in a different location from that on which the outcome is focused). Although the data were from a telephone study conducted in 2003, the findings remain current and relevant at the time of publication. This is a new field in the literature and these reference values will remain valid for decades.
To our knowledge, this is the first time that such population-based normative values have been defined for condition-specific ADL items. The SF 36 and SF 12 questionnaires have previously been used as general health assessment instruments to obtain population-based normative values. 13 -16 Condition-specific questionnaires (such as Data presented as n (%) of participants. Data may not total the overall number of participants due to missing values. Percentages may not total 100% due to effects of rounding. Swiss census data for subjects aged ≥ 18 to < 99 years, omitting nonGerman-speaking cantons (Ticino, Vaud, Valais, Neuchâtel, Geneva and Jura). a P < 0.001 vs census data; Fisher's combined probability test. and the Disability of ArmShoulder-Hand score 26, 27 ) have also defined some reference values for small samples, 28, 29 but these are not population-based normative reference values. A literature search for reference values on comorbidities such as pain yielded no results.
These results quantitatively confirm not only that age influences disability, but also that the slopes of the ADL-disability curves increase with advancing age. This is particularly important to note in long-term studies involving elderly participants, in which comparison of follow-up results with corresponding age-specific normative values enables correction for the influence of age on therapeutic outcome. The effects of ageing must be taken into account in order to assess therapeutic outcome accurately. With these values now available for use in clinical research, a computer-based version of the scale has been developed to allow ADL normative value-based correction of outcome results. This tool is currently being assessed in several locations.
A strength of the current study was thatunlike samples obtained from medical practitioners, hospitals, or health insurance companies -these normative values are based on a representative sample of the general population in German-speaking Switzerland. The response rate of 70% was very high compared with other populationbased studies. 30, 31 Due to the large sample size, the normative values generated by this study are robust and representative compared with the relevant census data. Further investigations are in progress to quantify potential comorbidity effects.
Several limitations common to secondary databases might affect these findings. First, this study used only self-reported data, 
